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(54) AUTOMATIC CALIBRATION OF A/D CONVERTER IN CMOS-TYPE IMAGE SENSOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To minimize the parasitic effect of an 
A/D converter and a CDS circuit by initializing the counters of 
respective n-A/D converters by a compensation value to 
compensate the digital output of the corresponding A/D 
converters to balance the nonuniformity of elements in a signal 
processing means. 

SOLUTION: Each A/D converter 16 is connected so as to receive 
an analog signal from a corresponding column line 14 through a 
known correlated double sampling(CDS) circuit 1 8 to convert each 
analog signal to a digital signal. The digital signal expresses the 
gray level of optical luminance detected by a corresponding pixel 
element. Then, in an initializing period before generation of N- 
pieces of digital signals, a compensation value where prescribed 
reference voltage corresponds to each of the N A/D converters 
16 is obtained. As the result of it, the counters of the respective N 
A/D converters are initialized by the compensation value to 
compensate the digital output of the corresponding A/D 
converters 16 to balance the nonuniformity of elements in a signal 
processing means. 
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^^r-^rf-^f-irSr^-r. X-iS-ty+r^TTU 
4 1 9(4. #^-tl 0T'^§*l&ftft£i}J!^P<7)2#:7C 
SiTU-f Sr^tf. 3t«iai^4. 02T'^S^2»|lI»g 
cTJUJ^^-t-tf. S 1 5*>^Jii 
zmwm^l 5 2*ffi}t_2 > ftT};vx^y bWJx? I 

2<4. l^rHi/xtsfctoc, arrn i 9t 

M^v-'X^ 1 2<7>ai^4. TVXsX*? 
A V2 1CJ:o-C37TM 1 9t;i?f^o7HUX 

HL^^oT^iJv'f >- 1 4lZTT-n?m*§-ZffiX-lii-t . 
[0052] 1 OOH^atCfcV^T . #A/D^&fi 

l 6(4. mftunmm&Day-yy'O y? (CDS) 0KL 
85-^-LT. WJi5-r-&^j7^>'l 4*^r^Qir , ft-^-Sr 

mz$m-th. TiSfivmmt. n^-y-hmmm^i o 

(c«ko-C«aj$n^»3K»JKO^b-^;p$-^-r. fax. 
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li2 5 6?XI5:3rU ZitZ'tltfft^mmcoUJ&Z 3k 
•t. CDS0K1 8C0Wmit. fitTfc. 04*^$^ 

»/^->-^«^ ffTKl/Xy? YVi?X9 1 2 5riftf^$ 

[0053] mawifttfmffzti&i&at. mmii. mm 
nmtczmfttf&wmmTi o^^sidc:. -<y- 

o, i^ti-s-n^ffia-ts^^j^^^^-g-o. 

imm,mK ^m^mco^mz^ 
loo 54] m2iz^-$-£oiz. mxmMoimizt5\.^ 
Lm^RDtfftismimizh&ztizx*) , t?^h 

:?W:t-K20H U-fc-y f> h 7yy'X^M 1 

tcfc-oT. VDDK/wciS^fflfc'j-t-y h£ft..?>. y 

^'X* 1 2*^aj^$n-l»U-fe y hfl-^RSTj&ivglS^ 

[00 5 53 m^RSTtfimmtmiz$>& z tx-v * 

•v h Yyyi?X-?M 1 tf^yltZ£i\2>{Z{ ! tr>X. &3fc# 
5iz^ixh^m^m. t eip , (iB«Si^^®T'S) 

s. ttimiML RSTm^T&mmzts^xmnk 
u RSTm*ir<7)±.%-mmz&\,ixi&T-f&. rn^trnt^ 

a^+fl-SrB^Uo^ Z&'frCDTIHzXY-yyiSxfM 
3lt&mRDm*§-lz£-yX*y£ZtlZ, . ±ieo+^ 

i$FSfc<±. mK&wfmmttzimxMwzmm-t&t: 

^SflffS,, T^-bxh5>y^.^M3*^y 
KSflSi:, V—X*n*7hyy>>X7M2t5£TST7 
±xhyyiSxfM3Z1rLX3zmZixz,. y-KPt: 
*Jtt4 7^N^^-h-«E{i, rt^ii7^y24(C« 

2<7)iftt(ci^T^i:-rs, zcom&imyj y24<?> 

UiStM-^KSfU y*Y?4*-Y20<r>*iV-Y 
H P fclig&S *U> y-X*o<7M 2 <7>A73 £ V D D 

iz&^mizv-k y hi-&. WtKttmfetoyyroyy 

(CDS) ®S&1 8lz£ ~>xmiZix&mi&<r>m^li. 
U-fey hm-^RST*ieK$fLSB9i:^T'^y-KCt 



y - h c <r>m^<Dmmim*acr)c d s ermc x 

^XMf&Zti. Z<omMli*%;*n<r)J:-?XimmZti%: 
^ . JWr S ft & I*1^J 7 4 >- 2 4 T'tfOfl-f-OjK 
2rte, y-x*;o'7M2*Jj:^r^-fe^h7>'^'X^M 
3<0*:7-fey hS:^, ^illzXK). P\m<\y4y24 

izmm-tz^y-iismmzmmzztiz. <x\,*x\ m 

^comi. -r^'^/Hfi'vco^^WcA/DllISSi 6 

B$B<0**7B**3j:tf'J -t y hm*TRSTtf&®Ztltz&, 
(VZtlZ'fllzti^X , ?ijy- KC lcfc(t4fi-§-<?)||Sr8l 

[00561 1311 0K6torA/D^&& 1 60««g 
7"D7?0t*&. *$ft&A/D^&3Sl 6ti. ftffl 
*#lt«f§3 2. 7D.yn'-f< y^SliSl3 4, iiitf 
8t*y hAWtij^^^36, fcJ:tf2o<7M WC— 
^3 3. 3 5£-irt?. L*»U fl^-r i^/HI^cO^ 

mmmx'ii. y?m^3 8ittm& 3 2cdim 
yi<>-=r< yyx-hJ-YnzKn^ix, cDs®&frZ> 

<DT1-nym^3 Utim&3 2cD4y/<-T4 y?A 
73y-K(CA*$ft.&. ^D y^(l^3 9{i, yv>C- 
9 3 3<n\&-ftiSft\,zS. <07-bZ1X&. A/D^mZft 
dm. «iP7>Tfi-^3 8*i±#^^L. ^o-y^fl 

^yh^ga^4. mmyyym^3 8^T7-nym^ 
3itmn*§it. itm^3 2<7)thijiiyv vrt. a 
-3?n 7 ?y-f< y^mik 34 St^lt. ^oy^fi 

•^•3 9oy-h$:«|^-rs. Ltetf^X**?y?3 6<r> 
f/y?tf*t*7yht:&±l,fcifr£. Ty~vy 
m,^3\{znmth^r^S)Vm.^m'. Vramp-® 
iiyyrm^3 8cr>Mi&\y^X'f> r ). Vramp+li 

y yym^r 3 8 co«^ k/ut*j> s . 

(0 0 57 3 H4^$^Si9(^ A7J*»^ai7J^<?D 

r^-o^fi-t3 KDmwtmn. 7-^*0^2. r 

m^y^M3. rt^J^-f V24. CDS® 
»18, fcit/A/DS3ftS16f*l^)it<KS[lIK3 2^ 

#tf. mtc&y* h-t/n ocfe<ti,y-HP±c7)i^— 

^ScO<f<b-P^. fcJ:tfT7-tXh5>-yx^M3ga 
T'OilBcrXf #>o|(i:, #7 * h-fe/H 0O, *t*5-tS 

rtgp?'j7>f y2 4±.tz}5\\x%%$m^m*mL-?&. 

ZH.t>cr>i£^r>tit. Kf3*C0, ^*DC0C D S @» 1 81Z 
[00 581 2o<y)a^-r^tf7>f y\,ZHVt>\Z9*i)V 

\,z->\^x<nw&m.*)94\y7\t. m^mzm5iz7jk& 

*U>. S l±>J:^S2fi-^<i:. -?-n-ffL, 04<7>x-f<y 
f-SlfcJ;^S2$rit»^$-ti:l, 0 0>Jt L"C. 05X11 
4 8 0 f?7 -f yiz-owx 3 0 H z y V- A P — h tc^tJE 
7>f y^EISI6 9. 4//s*^^$a, 1^ 
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[0 0 5 9] L*»U WcfcftSlHI— OrtgCfg 

ifcliCDSES&l 8, fcitfloOSMSEftCMOS 
•ky-tf-./TtCfcttSA/DSaftSl 6F*|c7)Jt«!?S3 2 
(OmX'COT^it, &A/DSC18&1 6c7>Ul^(w^V^T 

Kt S fl<D±MzW&-r& CDS ®ftOJtl£& k «50^|tf0ifi 
f^otf ?ij54 y24H(7)7^ > t°yf-#*8/h 
sixstfftvatfk-r*. a/d3£j&si 6tJit/cDs 

EK1 8(ctJ»t&w^^,0^3»S^fi/^tc-ri»^ 
tOO 6 0] 06 aC0EIKfcJ;t^ll6 b<7):?4 5 

6b(CiJV^T. m^SH5£X/S2±.cr>&fMt 2 &£V 

vyy\,zms--?h. 2m$&k<?>x4 yj-s 

i&];vs2izi}uz.x. m%zm*§-t:MiRtmzmm-f?> 

tcMZ, 06b(^$^S^JCE-ri)«-^S3iDi^S4 

iz£->XW)ftZix&Z t>%& 2mmnxj yf-S3ii 
<fctfS4£ISg1-&. 

[oo 6 1 j mmt la t,zti^x. &n%mv4v2A 

-x^-S3^J:-5TVL^|§Tff^n*„ # 
fc, d<0VLSEt±. B*2lJt lb KinvCX4>y?-Sl£ 
ONtC-tSdttCi-ot, CDS0K1 8«0Hifttii(@S 
60«0RISA^y-K (S I G) tct&*rt$ix&. E^t 
leKSWC. X4 -/^S4(±ON(C§ix, F*te&?lJ54>- 
2 40-f^TSrV.Ht;r'J-b-/h$-y-S. tt&. X^y 
■f-S4(i, .2.4 >y^-S 1**ONCO%&, ON(C?^#^r 
v\ ff^tt^HiS/S«tcfc^T. VH&itfVLJi-HR 
tC. Vreft"S$WVHJ:VLi:<Oi)!i< (Vr am 
P + ) - (Vramp-) - V s h EfFC* S J: 3 KIS 
HT, Vr amp+ijil^Vr amp-$r 

IE^r|6ltCt3^TffiS<7)BfS<7)i8jtT 

H(i. X4 -yi-S 2£OW,z-t&ZblzJ:-iXCDS® 
S818cOH»tgiBS6 0^R|cA*y-H (PRE) 

fc» TU>(<D&mznVXCDS®Ril 8<r>iHMt. & 
CDS fc^S* 7 Hr y l>Sffi*<^#(C/h$ U fc 

y-H (PRE) lWHKy-l^ (S I G) 
±<?>VL£3\<Ztlz£'>X'i§t>ix2>V r e ft*4. 
=6rtJ. *4 -yf-S 2ii. M3*^|^oB«fi-^tfO-t>-r 



[006 2] I7ali, 06ac7)%^-i:Jt©LT, CD 
SIUSSI 8cOJii^B*tctJ(tSVr e f (=VH-VL) 
®E<7)^(CO^TtfOS'l^5:^-r„ 07 b{Cfcl,vC^ 
ZtlZ&OlZ, tifrntxiZteK^XXj y + S3&£VS 
4 * O N IZ-t h Z b IZ X o TUSStgfgSg 6 0 ^A^3 y - 
K(SIG) i3«fclA' (PRE) JVLfcWVHW 
KWmr'J-by h-t&ZtlzX*), BmmtfLZtl 
h. f&ZiX&XolZ. #CDS{C*H-S^7-fe-y 
EEtf?Mt(Z'h3 k , CDS EJK 1 8<7)£ii^ 

Ji, Vr e f (=VH-VL) 07 bfcfcV^ 

X. m^S lii«t^S2±OWf^Jt 2 t3j;yt3tCfcJtl> 

[0 06 3] $a>c, cDsiamci^Tie^ix^^jfa 

«WHbWMtlch8 < m»cs tmn a D 

ix^S. Z<n*%fe, ^'JiOADCOA^j^omSfiftfS 
^•fcLTcOVr e f (=VH-VL) «£E<0±jft<2, 0 
8btC^§n€.B#^it,tCfcV>Tia8a(CtiftS^.^ «y 
fS3jON(;n:t(;J;-,tVre f ^cOADCcO 
A^y- H -fe -y h-T^, i t tZX-yX^^tl^i, . 
08b(Ct}(tS<i-^S lfcit^S 2±.(r>nmt l nxxf 

[0064] ±MZtltz3mJ]m<7)^-rtlfrl'0£W: 

m-rzztizx^x. cDsmsgi8oaj^(cfcttsm 

ffli, E6btc^$ix|,ti <) *^t 2 iT-c7)^E|*>?)V^ 
im 7 b J: 1/8 b IZ^ZixZ t , *^ 1 2 i T'CO^StC 
fc^TADClHlKl 6fc«toTir>'*^;HSt^$fL 

TU4rt<0#^Jtcm-SADCHI»tjJ:yrCDSl5] 
SS^ltlSS{-m-S3i-7-fe y hfEE^S^^jfeJK-rS 
*§£\ ADCEKA^Oxv^/KSai^^lnltVr e f 

[0065] *HBBC:i ot . ^W-fbJW^+tC 1 OOA 
D ctll^ov^T^/oix/c^^/l^OyNM -r 'JlffiS 

OffifilffiSgm^tT^SlifrtC. WfB-fl.ADC 1 6rtO 

**?y9zimttrrhfz>t>< l zmmzixh. -t^h-h. z 

tiZixwmzftLXADCwyyfco&toMmit, m 

mvADCteiivcD smmzXixmzztLZyty-t 
•y h$-«/Mb-rsj:o{w«ffl$ixs. wmi, ®ftm<v 

&3kcr>VT<7)Wmz X ~>X $ ^t^S$ix^S . 
[0066] &.TIZ. mt LX. V%-fitc7)^r|6]tco^r 

tsAffsaj^jmjE^^hvshs-o. 5^uh(catR 

shlli, ft*-(6J^Vshffii:S'3rS^1±<ii^v>. $ 
ib(C, im&3 2A.<7)T-)-0^fi^3 1 C7)A^JA*V r a 
m p +^13^^ r a mp -ffi(7)^H(c$ > | ) ^cjjv^'C 

5:3. 5*/PH=aURU»*. tmmTTn-^zXh 
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i:>±l£Kffl(±0. 5tf^M frt>&M-*h?'U x CDS IhISS^A^J $ ix & fI#tf)il>MHi , 0. 5^h 

Sgjtro-feXfc.fct/Si^Bt^l^^jS^SIS? SrtMr*-*. A/D3Q«3Sl 6 nUttO® 

1-&Zblz£r>X. ^fftco^fflfciVs h = 0. 5* WffiB(i, V s h t . 0 }> *>> £> 3 . 5* 

/Uh£3r-f£0. 5^h*^3^h*T-SJ<AVc ^h"C**. 

Ofi^KSBS-ISH-Uf 4. L£#oT , fii&ffl&a}^ [0067] *%W£m^i', V s h#± 0 . 5tf/H- 

«Ki. 3. 5tf/Uh£je;c.-f . Otf/l-h£T[I]£>&VK ti>I.AVc = 3^l/K:WU, 8t'^A/D^i 

AVc = 3»Mi > ft»J£^£BJHIlc*tJEU AVc S16li. ztilznfcLX . &.TlzfjkZti&mtt-f& 

= 0. 5-K^h(±. v&mzttfcTfz. mm. a«&*n vo Cn . voc (> v oc.fctwr*-*. znmmz. 

y 1-cr>%tl?iX<W?m?>mz, CDS HJg&^cr>A}J{I £ . 
#«>**»i3 5jOPMC$:*,rfca«fc9 . Lrt:*«->TSI [00 68] 

«wtc3. 5*>vhcDTi-u7m^*&?>-?&. rnn. (in 

Voc + -llllllll-2S3ttJfc*) 3.$#*Hvtf>& • (1) 

Voc 0 =H011010=2l8(+^) 3^H- V ^ (2) 

Voc_ =101101l0=182(+^) z 5- h -P) 

[0069] M«fi#<oaaR<or^o^«^san^w 528*»ffe&<. WTI. WfiUStfi?-* *«#f(c*f L 

fc. A/D^fSrtC0^^V^O5j--hdf+ •S.tdtC^f^l*. 30C7)?(J9^^X, Y, fc 

-tt*-f^T*7-fe-y h-fS<fc3£*T;bfU,fa, UJ»Ht; (4). ( 5 ) . iUtX ( 6 ) IZmZtlZ t^h. 

mmzs-it. ^-mmy^-^^m. yu-^m m±. < 7 ) , < 8 > . fcjtx ( 9 ) KtiwciaT 

lffoa^aiLiljfptfOfriw-jS. *J«iSBEVre f izft tcUx h$tu> J: otc. Jig (4) . (5),. fciV 
LX&WyJ y<DCDS18i^{iA/D3g^Sl 6?) (6) WW :M>-r-*£A4 -MJ1ffiBctcR«K§-«i:& d 

A^Srr'J-lr y h-rS^fctctoT, ^V^co^^Ht t^zX^XiUm^y^-/ hfe*&Z>tz#>l,z. m& 
ififti>ixh. (4). ( 5) . &J:XS (6) iciJttST-^^ffiffl-T 

[0070] flaiAtf. fflftia+CVre f = (Vr 4. 
amp + ) - (Vramp-) -Vsh = 3. 5#/Uh [0071] 
-0. 5tf/l^=3tf;l^Sr{gfflU#£. <Xt^ A/D [&2] 

Voc =llllllll=2S5(-H&.>£) 3 x <T/K>Hv^/55 •••<*> 

Voc. =110110 HH218(+jfe,;£) 3 ^v^t-l'v^^i 

Voc_ =10110U0=182(-H&#) 2.$ #ipM\*H& 

#!) X:<XX)00000=0(+ig,>fc) (7) 

Y:00100101=37(-tj|,>S,) (8) 

9% Z:01001001=73(-tj&;£) (?) 



[0072] ueco/w * u m&T-tiizix-eti. n 

54>X. Yt>J:t/Z(;*tJC-n»#ADCHlSSl 6WO 

iE^cotzfrcvA/D&mfimmzfthh.&mtzi.z^ m? 
^x, -5-fyY. ^-f yzizftfcth&ADcmm 

bftW7V?<nffl&mi*:1X?tlO. 3 7*5*1*7 3 

x-hh. tmtcmtmmx'ii.. mi oizTjkzti&mmt 

A/D$ctmfte)*,>7y?izmi0iZti. mmt 

si»oaj^{i, inmtt$m*iz*ftmz£& a/d^bi 



4. SCTRfl^ti, 5-yf-*»^^>Hl* ( I SO. I S 
1, . . . I S7) ^^f^-r;HCLT. ±ftcr>J;oiZ 

[0073] mszvwimmtztiiftiij&ttmz x 

'OW&tt.Zti&lftcri&myJ Vfflc7)ADCHJBl 6rt^ 

*<7>?cr>miz£*), &A/D^tim<rm>m&izz.^ 

X± t ZT^-i&tf&'mi: . 
[0074] fliRtf , H^-f ^-v-'fi-f-^yT-'J > 
IMcr^ly^yX, 7j>Y. yj >Zcr)tz*bcr> 
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a v c m^^ix^tt 3 aon- u > t s , *&.mz 

2 5 5. -t Kcirh 2 5 5 T'£> 9 f#S . m&lz . *%Bfl(c 
ifUf. ^J^:xYO7W>c0f#£ftSA/DiiJ+jti3 7 
+ 2 18. -^^2 5 5T-£>9t#S. R«C=, *&BJ3 

3 + 18 2, 1-%hh2 55X't>*)'&&. oi 9. 

4>. AVc = 3*'/UM;:*fLT. JOC, 
Y. 5-f^ZOfcA«0#A/DiMJtt, UAHIS 
(l). (2) (3) (cii%&h.£Htfj-?&r)ft 

Voc =0 1001001=<73(+ &,;&).. 
Voc„-00100100=36(+ . 
Voc_=O0000000=0(-+ . . 

[0077] *Mr?t*. mmcoj x-wtmwyr 

?lj7^>'Xc7)^£7)f#^>ilSA/Dai^JtiO + 7 
3. t4-bfe73T*0»i. *»»t:j:ii 
tf. ^Y<07t«6^^>fi5A/Daj^j(i:3 7 + 3 

6. -f**>^7 3TJb'5»*. *^(C<til 
<f. *iJ5>f VZ<07t^#^nSA/Dai^(i7 3 + 
0. -r^*>7 3T*0#^. *WHTIi«rv» 
£aR«w iSG&oy-yyy , av c = 

0. 5,10H*(c*tLT, ^ft-etuDA/Djfcfctt. 
MSi (10). (11). fcitX (12) (2j*3*t« 

awrc*o»*. uW^lt> *^^nisTii. * 

10 0 7 8] IH^<7)HSfit:*5 utto!:^ 4HU^ 
fc&^&+^K8t' y h£iB;tTl£*£-ti1#S„ 03 

tcTrcStts^'f Tia^o^'f r^ADc#fjffiTiji£-e£> 

[0079] 33gBJ§£CMOS;M7VM ^-x-t^ 

[0080] *&wcr>im%mmBmtz^xim&j: 
[oo8i] mta . jj&tu 3 izm 1 o tcMvLfcig 

Ktrffl^TADC^^y^^MU'fk-n.^Otc, # 



6. £*UC*fLT, *^OH«ftT'{i. ?lJ!M>X. 7 
•OY. ^^^Z^^CO^A/DtU^Jti^r 2 5 5 

(=* l < . ■t^xcom^m-^t^i' mm o trigasft. 

[0075] R»K. *^BJ*^0t$^U%^. ti J: 
t/AVc = 0. 5-^K\ Vsh#±0. 5#/l^hT' 

^•ti o^ffiSr^T-f & Vo c„. Voc+. Voc_J 

[0076] 
[f&3] 

l dcJi4u**Ai < 10 ) 

0 il?fl,Hx«>v5 < 12 > 

t^j;-5TADC(o#aj^t;jDa[$n. ?ijis^^-esr 

^$^St>c0T'li=3r<. ro-fcV-* 1 0£JB 

v £ i: (c X ~? r i?jaw^t;* ^(i^fi^-fkSr^-t;. 

mm^imx'&z. 

[0082] Nl«0A/D»(:^S^^-ft^e 
'J^(3«l X. htzMZ . f - •y7CMOSI'f^- 
> j rcONm<r)A/D$cW8s<?)ttfo-t&*:-/ h (N(i. 1 

[0 08 3] #-f7rcMoss^^-i;-byt{i, 

^Sr*-t^NllcOA/D^SS:*-r^. ^{i. 

MsngcTjNfflcoA^^'f ><n*ix?i\izm'%<7m8m> 
^■t^mifc. Y<7)A/D$m&iii l znm-hni&. 

fi^o-H-rS£t^-frtf. 
[0084] 

[^BfltfOS!!*] NfflcOA/D^StC^S^—ttS: 
*>VC0N®<7)A/D$&m<7)ttm-t-&-t-y h (Nti. 

[W^)fgiii»9§] 
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[HI 1 V&mffit,Z£&6 4 0X4 8 0CMOST7-T 

[02 ] v&mwnz£&T7T< 7wm*.)v<7>wmmt5 
[03] mmmtzi j8t'-/h a/d ss»»tf>t8fl&:/ 

[114] «e*S»;(cJ:-S.r^Q^fl^^ 'Jf^WU 

[05 ] mM$$tiz±z> 2mm%-?&ft74 vtww 

[06 a] 5§^*OS^Sr®«-r€»*TT'J^-^3 

[06 b] 06a<Oift^-f S>-^"0T-J>&. 

[07 a] S4-&S<^*£<K^-£:*:Tri>y-v 3 



[07b] 07 a^i^^f s.yymx'hh. 

[08a] 1^$:SI<^M^£&&^S#Tril^-i/3 
[08 b] 08a^ie-r^S!AaiLib^^-f SV/ 

mx'h*. 

[09] 8t'7 hADC«$7>7?'f S^/m 

[0io] im*9mxmziih* wswmtotf. mt 
[flrtwjn 

13 x7M/y'X^ 

14 ?ij7-f>- 

1 6 A/DESS 
18 CDS08& 

2 4 
6 0 



[01] 



[02] 




62-/ 



[09] 



WV/T 



Vronp" 



0 12 

jirui. 
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